Objective. To find clinically relevant combinations of chronic conditions among patients with diabetes and to examine their relationships with six diabetes quality metrics. Data Sources/Study Setting. Twenty-nine thousand five hundred and sixty-two adult patients with diabetes seen at eight Midwestern U.S. health systems during 2010-2011. Study Design. We retrospectively evaluated the relationship between six diabetes quality metrics and patients' combinations of chronic conditions. We analyzed 12 conditions that were concordant with diabetes care to define five mutually exclusive combinations of conditions ("classes") based on condition co-occurrence. We used logistic regression to quantify the relationship between condition classes and quality metrics, adjusted for patient demographics and utilization. Data Collection. We extracted electronic health record data using a standardized algorithm. Principal Findings. We found the following condition classes: severe cardiac, cardiac, noncardiac vascular, risk factors, and no concordant comorbidities. Adjusted odds ratios and 95 percent confidence intervals for glycemic control were, respectively, 1.95 (1.7-2.2), 1.6 (1.4-1.9), 1.3 (1.2-1.5), and 1.3 (1.2-1.4) compared to the class with no comorbidities. Results showed similar patterns for other metrics. Conclusions. Patients had distinct quality metric achievement by condition class, and those in less severe classes were less likely to achieve diabetes metrics. Key Words. Diabetes, quality, multiple chronic conditions, multimorbidity, public reporting Diabetes care quality, as measured by achievement of quality metrics that were derived from clinical care guidelines, is suboptimal (American Diabetes Association 2016a). Many factors can and likely do influence suboptimal care,
including a patient's specific comorbidities, socioeconomic factors, insurance status, health beliefs, and other patient contextual factors (Bayliss et al. 2014) . The role of comorbidities in diabetes care cannot be overlooked as over 80 percent of patients with diabetes have multiple chronic conditions (diabetes plus at least one comorbid condition) (Bae and Rosenthal 2008; Magnan et al. 2015c ). Conceptual and early analytic studies have suggested that patients' comorbid conditions can alter their care quality and morbidity, even after controlling for patient demographics and health care utilization (Piette and Kerr 2006; Lee et al. 2007; Magnan et al. 2015d) . Certain conditions have care that overlaps with diabetes to such a degree that the same care can benefit both conditions and might be more likely to be completed (e.g., cholesterol care for heart disease and diabetes). Other conditions, or combinations of conditions, might lead to inappropriate medication combinations or increased adverse effects (e.g., falls with tight blood pressure control and peripheral neuropathy). For patients with these conditions, not achieving metrics might be appropriate. The American Diabetes Association recommends patient-centered care that considers individual patient health needs; however, we still lack the necessary evidence to target interventions to patients based on the burden of their coexisting chronic conditions (American Diabetes Association 2016b). For example, patients with early cardiac conditions are likely to benefit from more focus on cardiovascular risk reduction, while patients with limited life expectancy due to advanced comorbidities might appropriately have less tight glycemic control. Understanding the relationship between a patient's combination of chronic conditions and diabetes care quality is a vital step toward improving care for patients with diabetes and multiple chronic conditions. It is unclear how best to describe the patterns of multiple chronic conditions among patients with diabetes, and how to operationalize the concept to allow for meaningful measurement of outcomes. Past work has shown that simply counting a patient's chronic conditions is not sufficient. Although studies have suggested higher diabetes quality of care in patients with more chronic conditions (Bae and Rosenthal 2008; Millett et al. 2009 ), a study of veterans examining combinations of diabetes and other chronic conditions found significant variation in mortality across patients with different specific conditions but the same number of conditions, suggesting that condition burden is due to more than the number of chronic conditions (Lee et al. 2007 ). The U.S. Department of Health and Human Services has recommended identification of similar subgroups among the population of patients with multiple chronic conditions as a critical step to improve the health status of the total population (Kronick et al. 2007; Parekh et al. 2011) . Past work shows that it is not practical to consider every possible combination of conditions separately as there are over 2 million combinations in the Medicare population (Sorace et al. 2011) . Therefore, it is necessary to find a manageable number of combinations of comorbidities in diabetes to measure the relationship between multiple chronic conditions and diabetes care outcomes in a clinically meaningful way.
Stratifying patients into mutually exclusive subgroups based on their combinations of conditions will be most meaningful if the combinations of conditions are clinically relevant. A conceptual model of comorbidity in diabetes suggests that concordant conditions (conditions that share care goals and/or pathophysiology with diabetes) improve diabetes care, and patients with more diabetes-concordant conditions have been shown to be more likely to achieve diabetes metrics (Piette and Kerr 2006; Magnan et al. 2015a ). In addition, diabetes-concordant conditions are relatively common in diabetes, adding to their clinical importance as combinations of these common conditions will lead to prevalent subgroups of patients. From our past work, we have identified 12 diabetes-concordant conditions that vary from being asymptomatic risk factors for diabetes complications (e.g., hypertension) to severe and often symptomatic complications (e.g., heart failure) (Magnan et al. 2015b) . The pattern of co-occurrence of these conditions among patients with diabetes is related to how the conditions develop in diabetes, leading to clinically relevant combinations of conditions.
Our objective was to identify clinically relevant combinations of chronic conditions occurring among patients with diabetes and to examine the patterns of variation in the relationships of these combinations to six diabetes quality metrics. We hypothesized that diabetes-concordant conditions would
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HSR: Health Services Research 53:1 (February 2018) tend to co-occur in patients according to the progression of diabetes complications. Further, patients with less severe comorbidities would be less likely to achieve diabetes metrics than those with more severe conditions combinations. Identifying the relationships between patients' combinations of chronic conditions and their quality outcomes is a first step toward understanding appropriate and inappropriate variations in diabetes quality metric achievement and identifying patients for future targeted interventions in diabetes (Fortin et al. 2007; Kronick et al. 2007 ).
METHODS

Study Design
For this observational study, we used patient-level retrospective electronic health record data from 2 years; a baseline year, 2010; and a public reporting year, 2011. The Minimal Risk Health Sciences Institutional Review Board at the University of Wisconsin determined the project was exempt from IRB review.
Population/Study Setting. We included 29,562 adults patients aged 18-75 with type 1 or type 2 diabetes who were current patients in 2010-2011 at any of eight health systems that participate in a Midwestern quality reporting collaborative, the Wisconsin Collaborative for Healthcare Quality (WCHQ). Wisconsin Collaborative for Healthcare Quality defines the presence of diabetes as patients having at least two face-to-face ambulatory visits (using CPT-4 outpatient evaluation and management or E&M codes) with any provider (MD, DO, PA, NP) on different dates of service with an ICD-9-CM diagnosis code of 250. XX, 357.2, 362.XX, 366.41, or 648 .XX over the 2 years of data (Wisconsin Collaborative for Healthcare Quality 2011). The 18-75 age limit reflects the standard age range for public reporting of quality metrics nationally and for WCHQ (National Committee for Quality Assurance 2011; Wisconsin Collaborative for Healthcare Quality 2011). The eight health systems include academic and community systems in rural, suburban, and urban settings (Wisconsin Collaborative for Healthcare Quality 2011) ranging in adult diabetic patient population size from 907 to 5,881. To be attributed to a health system as a current patient for diabetes public reporting, WCHQ requires patients to have had at least two E&M office visits on different dates of service in the past 2 years to either a primary care provider or to both a Stratifying Patients with Diabetes into Clinically Relevant Groupsprimary care provider and an endocrinologist, regardless of diagnostic codes, with at least one ambulatory care visit in the reporting year, 2011 (Wisconsin Collaborative for Healthcare Quality 2011). We obtained patient-and encounter-level data from the eight health systems from WCHQ. Health systems submit electronic health record data to WCHQ annually; WCHQ uses standardized algorithms to identify patients with diabetes who qualify for public reporting and to calculate diabetes quality metrics (Wisconsin Collaborative for Healthcare Quality 2011). We included in our analyses all patients who qualified for public reporting of their diabetes quality metrics during 2011 from these eight systems (Wisconsin Collaborative for Healthcare Quality 2011). We employed no additional exclusion criteria.
Outcome Variables. We used six individual diabetes quality metrics that are currently publicly reported by WCHQ, and that are commonly used in national public reporting; the American Diabetes Association clinical practice guidelines for both type 1 and type 2 diabetes list them as important to reduce macrovascular and microvascular complications (American Diabetes Association 2011; Wisconsin Collaborative for Healthcare Quality 2011). Each metric was a binary outcome variable for achievement or not during the reporting year. These included three testing metrics: HbA1c testing two or more times/ year, LDL cholesterol testing in the past year, and kidney function testing (urine microalbumin test in past year or documented evidence of nephropathy); and three control metrics: HbA1c control <7 percent at last measurement of the year (or <8 percent if 65-75 years old or having guideline-specified comorbidities), LDL cholesterol control <100 mg/dL at last measurement of the year, and blood pressure control at <130/80 mmHg at last measurement (American Diabetes Association 2011; Wisconsin Collaborative for Healthcare Quality 2011). The goal levels for these metrics are from 2011, the reporting year for our study.
Primary Explanatory Variables. We created indicator variables for the presence or absence of 12 diabetes-concordant chronic conditions. Diabetes-concordant conditions are those with similar pathophysiology and/or treatment to diabetes, and they are often complications of or risk factors for diabetes, as determined from previous work (Magnan et al. 2015b ). These conditions included hypertension, hyperlipidemia, obesity, cerebrovascular disease, peripheral vascular disease, chronic renal failure, thrombosis and embolism, retinopathy, and other chronic eye conditions, coronary artery disease, myocardial infarction within the past 2 years, congestive heart failure (CHF), and cardiomyopathy. To identify each patient's concordant conditions, we used our previously developed set of chronic conditions, identified from AHRQ Clinical Classification Software condition categories using the Chronic Condition Indicator, and modified to incorporate ICD-9-CM updates (Hwang et al. 2001 ; Healthcare Cost and Utilization Project 2011; Magnan et al. 2015a) . Each patient's concordant chronic conditions were identified by ICD-9-CM codes billed at one or more clinical encounters during the baseline year. We used conditions from the baseline year only to ensure that the conditions were actively managed, rather than historical diagnoses, and were present prior to the reporting year, so that they had the opportunity to influence care from the start of the reporting year. The mapping from ICD-9-CM code to chronic conditions is available at no cost online with development details through HIPxChange at www.hipxchange.org (Algorithm for Identifying Patients with Multiple Chronic Conditions (Multimorbidity)) (Magnan et al. 2015b ).
Covariates. We included the following descriptive categorical variables: age, gender, race/ethnicity, insurance, number of visits in the baseline year, and health system. We defined the age categories to represent young (18-34), younger middle-age (35-49), older middle-age (50-64), and Medicare-age with a cap at 75 (65-75) per public reporting standards. The categories for number of visits represent those patients with diabetes with few visits (0-2), a moderate number (3-4), a high number (5-7), and a very high number (eight or more), with the expectation that patients with diabetes are seen twice a year for diabetes, plus a wellness exam, when in good health.
Analytic Approach
Creating Clinically Relevant Combinations of Chronic Conditions. We used factor analysis to reduce patterns of co-occurrence for the 12 diabetes-concordant conditions among our sample of patients with diabetes to a smaller number of condition combinations. We implemented exploratory factor solutions ranging from 1 to 5 factors, attending to both statistical criteria and interpretability of the factors as a basis for selecting an appropriate solution. The factor analytic approach applied to the condition co-occurrence matrix attends to the categorical nature of the variables by assuming an underlying latent bivariate normal distribution for each pair of conditions, of which the observed binary condition variable is considered a discrete manifestation (Muthen 1997 ). We applied a robust weighted least squares estimator followed by Geomin rotation using the Mplus software (Los Angeles, CA, USA; Muthen & Muthen, 1998 . We used the Geomin rotation to allow the factors to correlate. The factor analysis was supportive of multiple factors, with the first four eigenvalues exceeding 1 (4.283, 1.323, 1.179, and 1.024), supporting four factors. Moreover, across all solutions, the four-factor solution also yielded factors with greatest interpretability following rotation. Therefore, we used a four-factor solution, yielding four factors of co-occuring diabetes-concordant chronic conditions.
Relationship with Diabetes Quality Metrics. We then fit logistic regression models for each of the six diabetes quality metrics (three testing and three control) to assess the relationship between the achievement of each quality metric and the patient's concordant condition class. We estimated the models both unadjusted and adjusted for the covariates above. There were no missing data for any covariates or outcome variables in the data from WCHQ as we included "unreported" in our payor variable and "other" in our race field. We report our results as predicted probabilities and as odds ratios with 95 percent confidence intervals. We conducted descriptive statistics and regression analyses using Stata 13.0 (Stata-Corp, College Station, TX, USA).
RESULTS
Patient Sample Characteristics
The sample of 29,562 patients with diabetes was 48 percent female, 74 percent white, and the vast majority had either commercial insurance or Medicare (Table 1 ). The average age was 57 years (standard deviation 11). On average, patients had 2.3 (1.3) diabetes-concordant conditions. Hyperlipidemia was the most common (80 percent), thrombosis and embolism the least common (0.1 percent), and 6 percent had no concordant comorbidities. Patients were more likely to achieve testing metrics than control metrics.
Factor Analysis of Diabetes-Concordant Conditions
We found four factors to underlie diabetes-concordant chronic conditions that clinically span the spectrum of diabetes complications (Table 2) . Based on the pattern of rotated pattern loadings, we clinically interpret these factors as Risk Factors for Diabetes and Its Complications (hypertension, hyperlipidemia, and obesity), Non-Cardiac Vascular Disease (cerebrovascular disease, peripheral vascular disease, chronic renal failure, thrombosis and embolism, and retinal disease and other eye conditions), Cardiac Disease (coronary artery disease and myocardial infarction within 2 years), and Advanced Cardiac Disease (heart failure and cardiomyopathy). We found low-to-moderate positive correlations between the four factors, suggesting a clear separation of the factors, with higher scores on one factor tending toward higher scores on the other factors. 
Classes of Diabetes-Concordant Chronic Conditions
The factors that emerged under the four-factor solution possess a clear ordering of conditions in terms of stages of severity and care needs. Consequently, we grouped patients into five mutually exclusive diabetes-concordant condition classes, based on their combinations of conditions, including a class for patients with no diabetes-concordant comorbidities. These classes were chosen to be clinically relevant, based on patient severity and care needs, and to represent the spectrum of diabetes complications. Each patient is assigned to the class that corresponds to their most severe diabetes complication. Class 1 includes patients who have no diabetes-concordant conditions (1,826 patients, 6.4 percent 326; 11 percent) . Finally, Class 5 includes patients with Advanced Cardiac Disease conditions, with or without any other diabetes-concordant conditions (1,927; 6.5 percent). We put patients into Classes 2-5 regardless of whether they had the Risk Factors diagnoses, as it is likely that patients with more advanced diabetes complications also have Risk Factor conditions that are no longer routinely coded at health care encounters in favor of coding for the more severe diagnoses.
Predictive Probabilities by Condition Class
Patients were less likely to achieve quality metrics if they are in Class 1 (do not have concordant conditions) than if they are in any other Class, with the exception of blood pressure control (Figure 1 
Relationship of Covariates to Testing and Control Metrics
Odds ratios and 95 percent confidence intervals for covariates in our models (Tables 3 and 4) show that patients with Medicaid or self-pay/unreported as their payor are less likely to achieve testing metrics than those with commercial insurance. A higher number of visits is significantly related to achieving HbA1c testing, but it has borderline or no significant relationship with other testing metrics. Medicaid or self-pay/unreported insurance was not related to control metrics, and the relationship between number of visits and metric achievement is small for all three control metrics. Health system had variable patterns of significance and direction in relationship with both testing and control metrics across the eight systems (data not shown).
DISCUSSION
We found that patients with diabetes can be grouped into mutually exclusive classes that represent their clinically relevant diabetes-concordant chronic conditions, and these classes appear to have some distinct relationships to diabetes care quality metrics. First, these results are consistent with how comorbidities develop in patients with diabetes, with separate classes for those with and without cardiac disease. Second, we observed relevant differences in quality metric achievement between condition classes, especially comparing classes with and without cardiac disease. Diabetes quality metric achievement was worse in patients with less severe or no diabetes-concordant comorbidities. These classes demonstrate the variation in quality of diabetes care between patients when grouped by their diabetes-concordant chronic conditions, and highlight opportunities to deliver care that considers the impact of a patient's combination of chronic conditions. These clinically meaningful classes can be used to stratify patients for targeted interventions, including targeting healthier patients to prevent the development of future complications. Our results suggest that comorbidities beyond risk factor conditions group separately into noncardiac vascular, cardiac, and advanced cardiac conditions. One interpretation of this condition grouping is that noncardiac conditions develop separately from cardiac conditions. Among cardiac conditions, the conditions included in the advanced cardiac conditions group clinically are often complications of risk factors and other cardiac conditions. The separate grouping of noncardiac and cardiac conditions parallels previous findings that glycemic control is more important for microvascular outcomes than macrovascular outcomes (American Diabetes Association 2016a). Note. Also adjusted for health system.
Stratifying Patients with Diabetes into Clinically Relevant Groups
Within the noncardiac vascular conditions group are vascular conditions that are traditionally microvascular (e.g., chronic renal failure) or might be considered either macro or microvascular (e.g., stroke) (Castilla-Guerra and Fernandez-Moreno Mdel 2007). Overall, we found that conditions in each class demonstrate distinct symptomatologies, long-term morbidity, and, to some degree, treatments, including aggressiveness of glycemic management, from conditions in other groups (American Diabetes Association 2016a). These distinctions between conditions in each group, combined with separate pathophysiologic pathways in the development of the conditions in each class, could explain the variations in quality metric achievement between condition groups we found and highlight opportunities to separately target patients for future care based on their combination of chronic conditions. Our results show distinct diabetes metric achievement between patients with and without cardiac disease. Patients with any cardiac conditions (Classes 4 and 5) show more control metric achievement compared to patients without cardiac conditions (Classes 2 and 3) in general. This could be appropriate, as patients with cardiac disease might benefit from tighter blood pressure control targets, and LDL control has been a major focus among those with known coronary disease (Skyler et al. 2009 ; American Diabetes Association 2016a). LDL control was less likely in patients in Class 5 compared to Class 4, and similar to Classes 2-3. This could be appropriate clinically if the Class 5 patients have more advanced heart failure (Stone et al. 2014 ). The higher likelihood of metric achievement in general for patients with cardiac conditions compared to those without cardiac disease was present even after adjusting for patient demographics and health care utilization (number of office visits and payor) that could affect a patient's exposure to and opportunities for care. Our results demonstrate the importance of a patient's combination of chronic conditions on the quality of care he or she receives, above and beyond other important health care modifiers.
The pattern in quality metric achievement between condition classes across the six diabetes metrics suggests that patients with no diabetes-concordant conditions, or less severe conditions, have worse metric achievement than patients who have more severe conditions. Patients in Class 1, those without any comorbidities, have the lowest achievement on all metrics (excluding blood pressure control, but note blood pressure is unlikely to be an issue in patients without diagnosed hypertension). This pattern is seen after adjusting for number of clinic visits to account for infrequently seen patients who might be less likely to have diagnoses recorded, or to benefit from opportunistic care. There are similarities in metric achievement between Classes 2 and 3, that is, for patients with risk factors only and patients with noncardiac vascular disease conditions; however, testing metric achievement is more likely for patients with noncardiac vascular disease conditions (Class 3). Once a patient has cardiac disease diagnosed (Classes 4 and 5), the patient is even more likely to have his or her metrics achieved. This pattern suggests that patients who have more advanced conditions have better quality metric achievement. Previous work supports the finding that patients with more chronic conditions have better quality metric achievement (Ricci-Cabello et al. 2015) . This could be due to greater effort or attention to diabetes management in patients who have more comorbidities and appear sicker. This pattern also highlights the potentially inappropriate lack of metric achievement for patients with fewer or less severe comorbidities, who would be most able to benefit from treatment to prevent future comorbidities. Risk factor conditions, including hypertension and hyperlipidiemia, were extremely prevalent in our sample and represent a large group of patients where there is an opportunity to intervene prior to the development of further complications.
Limitations
This study has several limitations. First, the population was from a single U.S. state that may not be fully reflective of all patients across the United States. However, the sample included a wide range of ages, race/ethnicities, and payors, and patients from rural, urban, and suburban settings. We adjusted for several patient demographic and health care utilization factors, including payor. Our race data were limited by low sample size for the non-white races, and so we were unable to use race as a multilevel variable. We were unable to adjust for more nuanced contextual factors, such as household socioeconomic status, health literacy, and health care behaviors (Bayliss et al. 2014) . Second, the study sample received care at institutions that participate in public reporting, and this reporting has the potential to influence the care the patients received. However, diabetes care goal achievement in the study population was similar to results from a national sample in 2011 (National Committee for Quality Assurance 2011) and as our objective was to assess the relationship between chronic conditions and publicly reported quality metrics, a public reporting population is appropriate. The health systems are independently operated and do not share treatment protocols. Third, we identified chronic conditions by ICD-9-CM codes billed at office visits, an approach that could under-represent certain conditions, such as obesity (Bleich, Pickett-Blakely, and Cooper 2011) . Detailed assessment data on these conditions, including BMI, were not available.
Implications
The clinically relevant combinations of conditions created in this work will support the identification of patient subgroups to target for future interventions that are both urgently needed and supported by Medicare policy changes (Smith et al. 2012; Edwards and Landon 2014) . Current interventions, such as registries or disease management programs, generally have focused on patients with the worst control or targeted all patients with diabetes equally, regardless of comorbidities (Bojadzievski and Gabbay 2011; Stellefson, Dipnarine, and Stopka 2013) . However, early research suggests that there are subtypes of diabetes with different comorbidity risks and that a patient's specific comorbidity profile influences his or her diabetes quality of care (Li et al. 2015; Ricci-Cabello et al. 2015) . Using a clinically relevant comorbidity-based grouping, rather than considering all patients with diabetes equal, regardless of comorbidity, might help better target interventions to fit specific patients needs. For example, patients with cardiac conditions could have more emphasis on their cardiac needs and less on glucose control, since they are at high risk for future cardiovascular events and in our study they generally did well with glucose control. On the other side of the complication spectrum, patients with fewer or no comorbidities could be directly targeted to improve their diabetes care to reduce their risk of long-term adverse outcomes and to keep them healthier longer. Improving diabetes care for the presumed healthier patients is especially important as many current interventions target the least healthy patients, missing the opportunity to prevent complications in the healthier patients who were also the least likely to have good diabetes control in our study. Future work should asses the role of patient socioeconomic and contextual factors on diabetes care quality. Future interventions will likely need to consider the combined influences of comorbidities, patient characteristics, and patient priorities for care. 
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